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(54) HOLOGRAM RECORDING AND REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a hologram recording and 
reproducing device constituted so that a hologram can be recorded and 
reproduced by using a compact laser by canceling phase unconformity 
amount caused by the wavelength dispersion or the wavelength 
fluctuation of luminous flux emitted from a light source by angular phase 
unconformity produced by an angular phase unconformity means. 
SOLUTION: Object light is diffracted by a reflection type diffraction 
grating 1 4 being the angular phase unconformity means and made 
incident on a spatial modulator 1 7 thereafter. The grating 1 4 diffracting 
the object light is mounted on an actuator 21 and it can be vibrated with 
a very small deflection angle. By the vibration of the grating 14. a 
reference light signal detected by a photodetector 1 2 is changed. Then, 
the signal detected by the photodetector 12 is transmitted to a 
feedback signal processing circuit 13 being a phase correction means. 
By the processing circuit 13, the actuator 21 is controlled according to 
the signal to be transmitted so that the grating 1 4 is positioned and the 
phase of the hologram is controlled. 




5 1 



3 



¥1 



http://wwwl 9.ipdl.inpit.go jp/PAl /result/detail/main/wAAALtaaNEDA41 2338847P1 .htm 



2009/02/12 



JP,2000-338847,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]While irradiating a hologram recording medium with light flux from a light source as 
a reference beam, In hologram recording playback equipment which irradiates this 
hologram recording medium with light flux from this semiconductor laser as object light via 
a spatial modulation machine, and records an interference fringe of these reference beams 
and object light on this hologram recording medium, A hologram rec/play student device 
which makes It the feature to offset the amount of phase mismatching by wavelength 
dispersion or wavelength variation of light flux from the above-mentioned light source by 
angle phase mismatching which is provided with an angle phase mismatching means to 
produce angle phase mismatching, about light flux from the above-mentioned light source, 
and the above-mentioned angle phase mismatching means generates. 
[Claim 2]The hologram rec/play student device according to claim 1 which makes it the 
feature to have had a diverging ray study element as an angle phase mismatching means. 
[Claim 3]The hologram recording playback equipment according to claim 2 which makes it 
the feature to use a transmission type or a reflection type diffraction grating as a diverging 
ray study element used as an angle phase mismatching means. 

[Claim 4]The hologram recording playback equipment according to claim 1 characterized by 
using a semiconductor laser as a light source. 

[Claim 5]The hologram recording playback equipment according to claim 1 which makes it 
the feature to use angle multiplex recording as the multiplex recording method. 
[Claim 6]A detection means to detect phase change of an interference fringe recorded as a 
hologram. The hologram recording playback equipment according to claim 1 which makes it 
the feature to amend this phase change according to phase change of an interference 
fringe which is provided with a phase correction means to perform phase correction based 
on phase change detected by this detection means, and is recorded on a hologram 
recording medium. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJThis invention relates to hologram recording playback equipment. 
[0002] 

[Description of the Prior Art]Conventionally, a hologram recording medium is irradiated with 
a reference beam and the object light by which spatial modulation was carried out, and the 
hologram recording playback equipment which records the interference fringe of these 
reference beams and object light on this hologram recording medium is proposed. At the 
time of reproduction, the object light at the time of record is reproducible by irradiating with 
the same reference beam as the time of record the hologram recording medium with which 
the interference fringe was recorded. 

[0003][Phase matching of a volume type hologram] If the irradiation angles of a reference 
beam shift from the angle of the reference beam at the time of record at the time of 
reproduction of the volume type hologram using the Bragg diffraction, phase mismatching 
will arise and diffraction efficiency will fall. If this gap becomes large, the diffiraction 
efficiency of a hologram will fall quickly and reproduction will become impossible. 
[0004]Such angular selectivity is used for the angle multiplex recording of a hologram. That 
is, each hologram will be reproduced by only the reference beam of the same incidence 
angle as the time of record if a hologram is recorded using the reference beam of the 
different degree of incidence angle. Since it produces similarly to change of not only an 
angle but wavelength, the phase mismatching can also carry out multiplex recording of the 
hologram with wavelength. 

[0005]Kogelnik about a thick hologram in case there is phase mismatching. Diffraction 
efficiency was searched for ("Couple-wave theory for thick hologram gratings" Bell 
Sys.Tech.J48-2909-2947 (1969)). When the space (kappa space) of a wave number vector 
shows, phase mismatching deltaalpha according to change deltatheta of the angle of a 
reference beam when according to it there is no absorption and the transmission type 
volume type phase hologram recorded by plane wave object light and the plane wave 
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reference beam is reproduced is a following formula as shown in drawing 3 and drawing 4 . 
It is given by [several 1]. 
[0006] 
[Equation 1] 

Aa''-2k'Ae siae„ -^-K Ae ... (D 

[0007]Here, the cycle lambda of the phase diffraction grating of the wavelength lambda, 
wave number kappa=2 pi/lambda, refractive-Index n^ of a hologram recording medium, and 
a hologram, lattice wave several K=kappasinthetag. and theta^ are bragg angles, and a 

following formula. It is given by [several 2]. 

[0008] 

[Equation 2] 

[0009]Thickness [ of a hologram ] L and incidence angle theta^ of a reference beam shall 
be given by theta^=-thetag+deltatheta, and emitting angle thetag of object light shall be 
given by theta2=thetag+deltatheta. The refractive index change of a phase hologram is 
made Into n^, and it is a following fonnula about the coupling coefficient kappa. It shall be 
given by [several 3]. 
[0010] 
[Equation 3] 

2 fffn.\' 1 

«f - -7^ ^ ^ 

\ ^ } cos», cosOj 



[0011]The diffraction efficiency [ as opposed to phase mismatching angle deltatheta at this 
time ] eta is a following formula. It is given by [several 4]. 
[0012] 
[Equation 4] 

[0013]Phase mismatching angle deltatheta^^2 ^^'^^ diffraction efficiency serves as 

half [ of a peak ] are following formulas. It is given by [several 5]. 
[0014] 

[Equation 5] 
• a 2k- If A 
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[0015]When there is phase mismatching by wavelength, phase mismatching deltaalpha is a 
, following formula to wavelength variation deltaiambda. It is given by (several 6]. 

[0016] 
. [Equation 6] 

Atr •■ ... I R\ 

A /i„-A cos(?j, 

[0017]Phase mismatching wavelength variation deltaiambda ^o"^ which diffraction 

efficiency serves as half [ of a peak ] are following fomiulas. It is given by [several 7]. 

[0018] 

[Equation 7] 

AAi,, «oAcose, -(7) 

[0019] 

[Problem(s) to be Solved by the lnvention][Laser as a light source for holograms] Since It 
stated above, as laser used as the light source for the record reproduction of a hologram, 
what has a stable oscillation wavelength is desirable in a nan-ow-band. In carrying out 
multiplex recording as a volume type hologram especially, when a wavelength interval is 
wide, there is a possibility that a cross talk may arise. When an oscillation wavelength is 
changed, a Bragg condition is not satisfied, but diffraction efficiency falls remarkably, and 
there is a possibility that reproduction may be impossible. 

[0020]Since a hologram records the interference fringe of two or more light flux, it is 
desirable to have the high coherence excellent in coherence as a light source. A hologram 
recording material has many which have low recording sensitivity. Therefore, also in order 
to make influence of disturbance light hard to be influenced, as a light source, high-output 
laser is advantageous. 

[0021]Slnce the contrast of an interference fringe falls by the phase shift between that 
coherent length is short and the mode, the laser which is canying out the multlmode 
oscillation is not suitable for the record reproduction of a hologram. Hologram recording 
materials, such as a photorefractive crystal and a photopolymer, have many which have 
sensitivity high to short wavelength light. 

(0022]From such a thing, the second hamnonic of argon ion laser or a neodium YAG laser, 
etc. have been used as a light source in conventional hologram recording playback 
equipment. 

[0023]Although considering a size, a maintenance, a price, etc. it is desirable as a practical 
device to use a semiconductor laser as a light source, when it is going to use a 
semiconductor laser for the record reproduction of a volume type hologram, there are many 
problems with still difficult solution. 

[0024]That is because the wavelength selectivity of a volume type hologram is very high in 
the first place. For example, a refractive index to an ordinary ray by the second harmonic of 
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a neodium YAG laser with a wavelength of 532 nm into the iron dope lithium-niobate crystal 
(it is considered as refractive-index-fluctuations n^=10 of about 2.2. The case where a 
hologram is recorded by an-angement (theta^. theta2=45 degree) that a reference beam 
and object light intersect perpendicularly is considered. At this time [Several 7] ** et al., and 
phase mismatching wavelength deltalambda^^2 *° ^^^^ ^ P"^(s) (=2x10'^mum). 

[0025]Since gain width of a semiconductor laser is wide, its oscillation line width is wide. 
Therefore, it is easy to carry out a multimode oscillation, and an oscillation wavelength is 
also changed easily. Now with the GaAIAs system semiconductor laser used for playback 
of "a compact disk (CD)" etc. When the single mode oscillation is being carried out, about 
0.1 nm of wavelength variation produces at least about 0.1 pm of spectral band width by 
the mode hop by the wavelength variation and returned light of about [ 0.3 nm/Cdegree ] to 
temperature. Therefore, in order to obtain the stable single mode oscillation of considering 
it as the device of the device structure of a distributed feedback type, a Bragg reflection 
return type, etc., and an external resonator type for mode-stability-izing etc., various 
techniques were used, but it was difficult to use a semiconductor laser as a light source for 
hologram recording. 

[0026]There is a problem of the wavelength of a semiconductor laser and the sensitization 
wavelength of a hologram recording material stated [ second ] also to the point. Although 
the red of not less than 600 nm has been conventionally considered to be a limit, in recent 
years, a multiplex quantum well (MQW) InGaN semiconductor laser attains the room 
temperature continuous oscillation of thousands of hours on the wavelength of nearly 400 
nm, and utilization is [ the wavelength of a semiconductor laser ] in prospect. On the other 
hand, as for the recording material of the hologram, research of material with high 
sensitivity is done to long wavelength. For example, having sensitivity to the wavelength of 
the visible range where FeiCerLiNbOg, RhrLiNbOg, etc. are comparatively long also as a 
photorefractive crystal is known. In the photorefractive crystal which has sensitivity to two- 
wave record of PriLiNbOg. FeiMniLiNbOg, etc., the light for sensitization. Although it must 
be short wavelength, since there is no necessity of being a coherent laser beam, a xenon 
lamp and LED can be used and red wavelength may be sufficient as the laser for record 
from infrared rays. A high increase in power of a semiconductor laser in recent years is 
remarkable, and some low sensitivity cannot be compensated with an output, either. 
Therefore, the possibility of solution is in sight about the wavelength of a recording material 
and laser in recent years. 

[0027][A diverging ray study element and AKUROMA tick amendment] Generally, the 
refractive index of an optical material changes with wavelength. The characteristic of 
various optical elements changes with the wavelength to be used. For example, it has been 
used for prism and a diffraction grating decomposing the spectrum of light since Newton. 
However, inconvenience arises for many uses. For example, in the case of a lens, if 
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wavelength differs, focal distances will differ. This is what is called a chromatic aberration. 
In order to amend this, the achromatic lens (AKUROMA tick lens) which combined the 
convex lens produced with the material in which distributions differ, and the concave lens 
has been used. In recent years, the AKUROMA tick lens which combined the holographic 
lens of the convex with the usual convex lens is realized using a diffracted type lens having 
negative distribution. 

[0028]When measuring the diffraction efficiency of a volume type hologram, reproducing 
using another laser beam of different long wavelength from a recording wavelength is often 
performed in the experiment so that the recorded hologram may not be destroyed. This is 
because advance of the destruction at the time of reproduction will decrease remarkably if 
wavelength with low recording sensitivity is used. What is necessary is to generate the 
angle phase mismatching of an inverse code and just to make each other offset mutually in 
equivalent weight, in order to amend the phase mismatching produced by wavelength 
variation (cancellation). 

[0029]This is explained using drawing 5 . The lattice vector of the hologram recorded by 
reference beam kappa^^^ (OA) and object light kappag^ (OC) is kappa^ (OA). Extension 

wire parallel to perpendicular bisector alumnus of kappa^ is drawn from the peak A of the 

wave number vector of a reference beam, and an intersection with the circle of the kappa 
space of wave number kappa^ and kappa^ is set to D and G, respectively. The 

intersections F and I are similarly obtained about object light. Beam-of-light kappa^^^ which 

makes OD a wave number vector is made into a reference beam, and if beam-of-light kp^^ 

which makes OF a wave number vector is made into object light and a hologram is 
recorded, the lattice vector will serve as kappa^ (FD). Similarly, the hologram of lattice 

vector Kg (IG) is obtained by reference beam kappa^^^ (OG) and object light kappapjgg (Ol). 

[0030]At this time, the quadrangle ACFD and the quadrangle DFIG are parallelograms and 
the vectors OA, FD, and IG are equal vectors altogether. Therefore, reference beam 
kappa^^^, object light kappag^ and reference beam kappa^^^' object light kappag^i All of 

lattice vector K, of the hologram recorded by reference beam kappa„^ and object light 

kappa^g, K^, and are equal vectors. Therefore, the same hologram is recorded or 

reproduced even if it uses combining which reference beam and object light. This is 
because the direction of a reference beam vector is changing so that it may be amended, 
even if the wavelength lambda of a reference beam (lambda=2 pi/kappa) changes. 
[0031 ]ln drawing 5 , although the wave number vector of each wavelength is expressed on 
the concentric circle, as shown in drawing 6 , it can also rewrite so that the lattice vector of 
each wavelength may be in agreement. That is, in this drawing 6 , when reproducing the 
lattice vector kappa recorded by reference beam kappa^^ and kappag^ on different 
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wavelength, or when there is wavelength variation in the middle of record, a reference 
. beam changes to kappa'^^^ (deltalambda<0) or kappa' ^ (deltalambda<0). By this, the 

phase mismatching delta alpha and delta beta occurs, respectively. Then, if the direction of 
the wave number vector of a reference beam Is changed and It is considered as kappa 

(deltalambda<0) or kappa^^ (deltalambda<0), respectively, a lattice vector and phase 
matching can be taken. 

[0032]ln measurement of the diffraction efficiency using this technique, both laser used for 
record and reproduction was harmonics of a gas laser with stable wavelength, or solid state 
laser. Combination of having recorded by argon laser (488 nm) and reproducing by helium 
neon laser (633 nm) was used well. However, if it is going to carry out multiplex recording 
of the hologram in order to record information, an angle or wavelength must be 
independently changed to two waves, respectively. Since the actual object light using a 
spatial modulation machine has not a plane wave but the breadth of an angle and phase 
matching can be taken about no beams of light of object light when another, greatly 
different wavelength is used, a part of recorded information is reproduced. 
[0033]Therefore, it is difficult to usually reproduce the hologram which recorded information 
on different wavelength. Then, although what is recorded on a thin recording material as an 
image hologram is proposed, Since a spherical aberration will arise with the recording 
medium of a hologram if it records as an image hologram, The pixel size of a spatial 
modulation machine becomes large, Since a recording medium becomes thin. . There were 
problems, like storage capacity is restricted. (Ernest Chuangand Demetri Psaltis, "Storage 
of 1000 holograms with use of a dual-wavelength method," Applied Optics, Vol.) 36, No.32. 
pp.8445-8454. 

[0034][Phase locking at the time of hologram recording] By disturbance, accumulation of a 
refractive index change, etc., the spatial phase of the interference fringe of the hologram 
written in later may shift at the time of record of a hologram. If a spatial phase shifts, the 
recording rate of a hologram will fall. If the phase of spatial frequency shifts pi/2, the 
hologram written in before will be eliminated. 

[0035]ln order to solve this. Active locking. Applying is proposed ("Avoiding hologram 
bending in photorefractive crystals," A.A.freschi etal.Optics Letters, Vol.21, No.). 2, 
pp. 152, 1996, "Incremental holographic recording inlithium niobate with active phase 
locking," K.Peithmann et al. Optics. Letters, Vol.23, No.24, pp.1927, 1998. Light path length 
was minutely changed in the direction which mounts a min-or to a piezo-electric element, 
and gives a minute shock here, and the detected diffracted light increases, and record of a 
stable hologram is realized by controlling the phase of the interference fringe of the 
hologram recorded. 

[0036]This invention is proposed in view of the above-mentioned actual condition, and 
tends to provide the hologram recording playback equipment made as [ perform / record 
reproduction of a hologram ] using small laser, such as a semiconductor laser with wide 
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wavelength variation and spectral band width by temperature or mode hop. 
[00371 

[Means for Solving the ProblemJWhile this invention irradiates a hologram recording 
medium with light flux from a light source as a reference beam, In hologram recording 
playback equipment which Irradiates this hologram recording medium with light flux from 
this semiconductor laser as object light via a spatial modulation machine, and records an 
interference fringe of these reference beams and object light on this hologram recording 
medium, An angle phase mismatching means to produce angle phase mismatching is 
formed about light flux from a light source, and it makes to offset the amount of phase 
mismatching by wavelength dispersion or wavelength variation of light flux from a light 
source Into the feature by angle phase mismatching which an angle phase mismatching 
means generates. 
[0038] 

[Embodiment of the lnvention]Hereafler, an embodiment of the Invention is described, 
referring to drawings. 

[0039]While the hologram recording playback equipment concerning this invention 
in-adiates a hologram recording medium with the light flux from this semiconductor laser as 
a reference beam, using a semiconductor laser as a light source. This hologram recording 
medium is irradiated with the light flux from this semiconductor laser as object light via a 
spatial modulation machine, and the interference fringe of these reference beams and 
object light is recorded on this hologram recording medium. And the hologram recording 
playback equipment concerning this invention performs good multiplex recording by 
avoiding the influence by oscillation wavelength change of a semiconductor laser. 
I0040]ln order to amend wavelength variation, such as a semiconductor laser, at an angle. 
It Is possible to deflect the angle according to the wavelength which detected wavelength by 
the wavelength detecting means of a spectroscope etc., and was detected using angle 
deflection means, such as a galvanomirror. an electrooptic deflector, an acoustooptic 
deflector. However, since a device becomes remarkably complicated, this is not practical. A 
response is difficult when wavelength variation happens at high speed. 
[0041]Therefore, In this invention, not active amendment but a passive compensation 
means is desirable. Then, in this invention, the passive compensation means for 
wavelength variation is given first. 

[0042][The principle of phase matching amendment] What is necessary Is just to use an 
optical element with the angular dispersion which generates the angle phase mismatching 
of reverse numerals in a quantity equal to the phase mismatching produced by wavelength 
variation, in order to perform passive amendment. As such an optical element, it is possible 
to use a diffraction grating. 

[0043]The wavelength dispersion of a diffraction grating is a following formula to the 

primary diffracted light. It is given by [several 8]. 

[0044] 
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.[0045]Here, as for d, an angle of diffraction and lambda of theta are [ round term of a 
diffraction grating ] wavelength. In order to obtain efficiency high as a diffraction grating, it is 
desirable to use triangular waveform-like blazed grating. Here, although the primary 
diffracted light was considered, the high order diffracted light may be used. However, since 
many of blazed gratings with high diffraction efficiency use primary light, they are discussed 
about primary light below. 

[0046]lt is the following in order to amend phase matching to wavelength variation 
deltalambda, if phase mismatching of a hologram which produces phase mismatching of a 
hologram produced by wavelength variation of laser by deltaalphalambda and angle 
change of a reference beam is set to deltaalphatheta. [Several 9] must be filled. 
[0047] 
[Equation 9] 

Aaj,+Aao •^Aaj,+^^~'A/,~0 -(9) 

[0048]To this [Several 1] **[Several 2] **[Several 6] **[Several 8] is substituted and it is the 

following, [Several 10] is obtained. 

[0049] 

[Equation 10] 

A* 

rf-4-/ip-sin^, • — -2-no-A -(10) 

[0050]A refractive index to an ordinary ray on the above-mentioned wavelength of 532 nm 
into the Iron dope lithium-niobate crystal of about 2.2. If it calculates about the case where a 
hologram is recorded by an-angement (theta^. theta2=45 degree) that a reference beam 
and object light intersect perpendicularly, a round term of the diffraction grating for 
amendment will be 1.65 micrometers, i.e., about 600 pitches/mm. This is a diffraction 
grating of an available pitch easily as a commercial reflection type diffraction grating. 
[0051][An example of amendment] Hologram recording playback equipment concerning this 
invention is hologram recording playback equipment using a diffraction grating which fulfills 
the above conditions, as shown in drawing 1 . is provided with the semiconductor laser 1 
oscillated by a single mode as a light source, and is constituted. Emitted light from the 
semiconductor laser 1 is made with a parallel pencil with the collimating lens 2, and enters 
into the reflection type diffraction grating 3. Primary light diffracted by this reflection type 
diffraction grating 3 enters into the beam splitter 4. and branches to a reference beam and 
object light. A reference beam and object light enter into the hologram recording medium 7. 
after being reflected by the mirrors 5 and 6, respectively. An interference fringe of a 
reference beam and object light is recorded on the hologram recording medium 7 as a 
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hologram. Here, it is put on the semiconductor laser 1 side rather than a turning point of 
object light **** and a reference beam, and the reflection type diffraction grating 3 of an 
optical path of this object light and a reference beam is mutually symmetrical, and light path 
length's Is equal. 

[0052]lf the hologram recording medium 7 is irradiated with either these reference beams or 
the object light at the time of reproduction, a beam of another side will be reproduced. 
[0053]Here. change of wavelength of emitted light from the semiconductor laser 1 will 
change the direction of the diffracted light by a diffraction grating. Therefore, the degree of 
Incidence angle of object light to the hologram recording medium 7 and a reference beam 
changes. A pitch of a diffraction grating. If designed fill [several 9], a lattice vector of a 
hologram recorded or reproduced to wavelength variation is eternal. Therefore, passive 
amendment is realized to wavelength variation of emitted light from the semiconductor laser 
1. 

[0054JAS an optical element which generates angular dispersion according to wavelength, 
prism etc. are possible also for using other things. However, it Is most practical to use a 
diffraction grating. Compared with a dispersive device using refraction of prism etc.. It Is 
because the distribution of diffraction is far larger. However, in the purpose for performing 
precise control etc.. elements, such as prism, may be used and it may be used combining 
plurality. 

[0055]ln performing multiplex recording of a hologram, as it shows in drawing 2 . in using 
the spatial modulation machine 17 as an object and adopting an angle multiplex recording 
method, in order to change an angle of a reference beam, it uses a beam deflection means 
of an acoustooptic deflector, a galvanomirror, etc. 

[0056]ln this hologram recording playback equipment, emitted light from the semiconductor 
laser 1 oscillated by a single mode is made into a parallel pencil with the collimating lens 2, 
and branches to a reference beam and object light by the beam splitter 4. It diffracts by the 
reflection type diffi-action grating 8 in which a rolling mechanism was provided, and a 
reference beam which penetrated the beam splitter 4 has a beam diameter expanded by 
beam expander with which the primary diffracted light consists of the two condensers 9 and 
10. A reference beam which passed through a beam expander has an excessive portion of 
a peripheral side shaded by the aperture 11. and enters Into the hologram recording 
medium 7. Here, the reflection type diffraction grating 8 Is rotated using a rolling 
mechanism, the direction of a reference beam is changed, and If a reference beam of the 
different degree of incidence angle for every hologram is used, angle multiplex recording 
will be made. A reference beam which penetrated the hologram recording medium 7 Is 
received by the photodetector 12 used as a detection means. 

[0057]On the other hand, object light reflected by the beam splitter 4 enters into the spatial 
modulation machine 17, after diffracting by the reflection type diffraction grating 14 which a 
beam diameter Is expanded with a beam expander which consists of the two condensers 
15 and 16. and serves as an angle phase mismatching means. The Fourier transform of the 
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object light which penetrated the spatial modulation machine 17 is carried out by Fourier 
transformer lens 18. and it enters into the hologram recording medium 7. In this hologram 
recording medium 7, an interference fringe of a reference beam and object light is recorded 
as a hologram. 

[OOSSJThe reflection type diffraction grating 14 which makes object light diffract is mounted 
by the actuator 21, and can be vibrated by a minute deflection angle. By vibration of this 
reflection type diffraction grating 14, change arises to a reference beam signal detected by 
the photodetector 12. A detecting signal of the photodetector 12 is sent to the feedback 
signal processing circuit 13 used as a phase con-ection means. According to a signal sent 
from the photodetector 12, the feedback signal processing circuit 13 controls the actuator 
21, positions the reflection type diffraction grating 14, and controls a phase of a hologram. 
[0059]lt irradiates only with a reference beam at the time of reproduction, and it reproduces 
object light at the time of record. Thus, reproduced object light is received by light-receiving 
array elements, such as the solid state image pickup device (CCD) 20. via the condenser 
19. 

[0060]By the way. in this hologram recording playback equipment, it is necessary to double 
with a device, and to expand or reduce a beam diameter. A product of beam-of-light 
quantity and a beam-of-light angle is more nearly constant than a principle of 
RAGURANJIE helmholtz. Therefore, if a beam diameter changes, a deflecting angle of a 
beam will also change. Therefore, it is necessary using a respectively separate diffraction 
grating to design each pitch independently to object light and a reference beam. If above- 
mentioned conditions are fulfilled to each light flux also in this case, phase matching can be 
similarly amended to wavelength variation. 

[0061]Angle breadth of object light arises in hologram recording playback equipment as 
shown in drawing^. In hologram recording playback equipment shown in drawing 2 . a 
hologram is recorded as a Fourier hologram using Fourier transfomner lens 18. Also when 
diffraction by a pixel of this spatial modulation machine 17 arises by using the spatial 
modulation machine 17, object light has breadth. Also when using a random phase plate 
etc. for object irradiation light in order to extend a spatial spectrum and to use a dynamic 
range of a recording material effectively, angular distribution of object light will spread. 
10062] In a actual design, it is necessary to take into consideration these factors and the 
wavelength variation range of a semiconductor laser which is a light source. The 
aforementioned paper. (Ernest Chuang and Demetri Psaltis. "Storage of 1000 holograms 
with use of a dual-wavelength method," AppliedOptics. Vol.) When a hologram recorded 
using a reference beam with a wavelength of 488 nm is reproduced by a reference beam 
with a wavelength of 633 nm as shown by 36, No.32. and pp.8445-8454, a part of object 
light is reproduced. However, wavelength variation of a semiconductor laser mainly 
considered by this invention is as minute as about several nanometers, and amendment is 
possible enough. 

[0063]lf a spatial phase shifts at the time of record when a lattice vector of a hologram, i.e., 
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spatial frequency of an interference fringe, is the same, a recording rate of a hologram will 
fall. If a phase of spatial frequency shifts pi/2, a hologram written in before will be 
eliminated. Then, the above-mentioned paper ("Avoiding hologram bending in 
r photorefractive crystals," A.A.freschi et al. Optics Letters, Vol.21, No.) 2, pp. 152, 1996, 
"Incremental holographic recording in lithium niobate with active phase locking," 
K.Pelthmann. If stated to et al. Optics Letters, Vol.23, No.24, pp.1927, and 1998, 
positioning (locking) of a diffraction grating using a feedback signal and an actuator to a 
phase is effective similarly. 

[0064]A piezo-electric element can also be used as a device for positioning a diffraction 
grating. However, since high tension is needed, there is a practical problem in a drive of a 
piezo-electric element. It is also possible to use a phase modulation machine using an 
electrooptics crystal. However, an electrooptics crystal needs high tension for a drive like a 
piezo-electric element, and further, since it needs to condense a beam to an aperture, it 
causes complication of an optical system. Then, a voice coil motor can also be used 
instead of a piezo-electric element. A voice coil motor is a low price and does not need high 
tension for a drive as used for a pickup of an optical disk reproducing device, etc. It is 
proved that even a level of subangstrom can control by servo control. In order to control a 
phase of bias components of a low frequency wave, a liquid crystal cell which does not 
need high tension similarly can be combined with a voice coil motor, and can also be used. 
[0065][A scope of this invention] So far, an angle multiplex recording method is described 
as a record multiplex mode of a hologram. However, it is also possible to use the technique 
of this invention for other multiplex modes, for example, a phase code, a shift, a fractal, peri 
SUTORO Pick, a speckle, etc. Although there are many types of holograms, the technique 
of this invention Is applicable to a general volume type hologram. 
[0066]Although an above-mentioned embodiment has described an iron dope lithium- 
niobate crystal as a hologram recording material, they may be hologram recording 
materials, such as other photorefractive crystals and a photopolymer. It is also possible to 
apply, when stabilizing treatment, such as heat fusing, electric field fixing, and chemical 
preparation, may be performed to a hologram recording medium and it uses techniques, 
such as two-photon absorption and two-wave sensitization record, for it. 
(0067]Although it mainly assumes using a semiconductor laser as a light source in this 
invention. The technique of this invention is also applicable to other laser, such as gas 
lasers, such as solid state laser, such as Ti:Saphire and NdiYAG, and Ar laser, and dye 
laser, or harmonics of those. As a semiconductor laser, height of sensitivity of a recording 
material to especially an InGaN system semiconductor laser is effective. 
[0068]And a hologram by a recording and reproducing device or a method of this invention 
has various application uses, such as not only a memory but optical computing, associative 
memory, image display, an image output device, an interferometer, a metering device etc 
[0069] 

[Effect of the lnvention]As mentioned above, while this invention irradiates a hologram 
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recording medium with the light flux from a light source as a reference beam, In the 
V hologram recording playback equipment which irradiates this hologram recording medium 

with the light flux from this semiconductor laser as object light via a spatial modulation 
. machine, and records the interference fringe of these reference beams and object light on 
this hologram recording medium. An angle phase mismatching means to produce angle 
phase mismatching is formed about the light flux from a light source, and the amount of 
phase mismatching by the wavelength dispersion or wavelength variation of light flux from a 
light source is offset by the angle phase mismatching which an angle phase mismatching 
means generates. 

[0070]That is, this invention can provide the hologram recording playback equipment made 
as [ perfonm / good / record reproduction of a hologram ] using small laser, such as a 
semiconductor laser with wide wavelength variation and spectral band width by 
temperature or mode hop. 

[0071]Since a life of operation Is long and a semiconductor laser is reliable, it can raise the 
life and reliability of a device and can be realized with the easy composition which adds 
dispersive devices, such as a diffraction grating. Manufacture cost can be lowered as 
compared with the case where gas laser and solid state laser are used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
dtunages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a side view showing the theoretic composition of the hologram recording 
playback equipment concerning this invention. 

[Drawing 2]lt is a side view showing the composition of the above-mentioned hologram 
recording playback equipment. 

[Drawing 3]lt is a graph which shows the state of the angle phase mismatching produced at 
the time of hologram reproduction. 

[Drawing 4]lt is a graph which shows the state of the wave degree phase mismatching 
produced at the time of hologram reproduction. 

[Drawing 5]lt is a graph which shows the group of the reference beam and object light 
which fomri an equal lattice vector to different wavelength. 

[Drawing 6]lt is a graph which coincides the lattice vector of each wavelength and shows 
the group of the reference beam and object light which form an equal lattice vector to 
different wavelength. 
[Description of Notations] 

1 A semiconductor laser. 7 hologram recording media, and 3, 8 and 14 A reflection type 
diffraction grating and 12 A photodetector, 13 feedback-signal processing circuit 
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